Introduction
As pointed out by Zhang and Liu [1] that soliton equations and their supersymmetric counterparts are relevant both physically and mathematically. From the viewpoint of mathematics, supersymmetry originated from theoretical physics is formulated by extending ordinary space to include anticommuting variables of Grassmann type so that bosons and fermions can be treated in a unified way. As the noncommutative extensions of differential systems, supersymmetric equations can model a variety of physical phenomena and dynamical processes [2] .
It is well known that the celebrated KdV equation:
is a completely integrable nonlinear equation for a bosonic field [P. Mathieu] . The supersymmetric extension of the KdV eq. (1) refers to a system coupling a bosonic field and a fermionic field, which reduces to eq. (1) in the limit case when the fermionic field vanishes and keeps invariant under a so-called supersymmetry transformation.
To construct a supersymmetric extension of eq. (1), the classical space and time ( , ) t x needs to be extended to a super space and time ( , , ) 
where a is a free constant, D is the superderivative D θ θ = ∂ + ∂ whose square is the usual derivative 2 D = ∂ . Then the KdV eq. (1) has a extension in terms of superfield:
which is integrable only if 3 a = [3] . In this case, the component version of eq. (3) reads: 
In fact, it is easy to check:
is not a supersymmetric KdV equation. It is because that eqs. (7) and (8) are not invariant under the supersymmetry transformation δ . Correspondingly, we call the system of eqs. (9) and (10) With the developments of soliton theory, some analytical methods have been extended to solve supersymmetric non-linear evolution equations, such as Hirota method [6] , Bäcklund transformation [1] , Darboux transformation [7] , and Painlevé analysis [8] . Comparatively speaking, the famous inverse scattering method [9] has not been successfully extended to the supersymmetric non-linear evolution equations in spite of the few pioneer works [10] [11] [12] [13] [14] [15] [16] . In 2005, Kulish and Zeitlin [16] extended the inverse scattering transform to a super KdV equation:
in the case of one-dimensional Grassmann algebra.
In the present paper, following Kulish and Zeitlin's approach [16] we shall extend the inverse scattering transform to super non-linear evolution equations with variable coefficients. For such a purpose, we consider the following variable-coefficient version of the super KdV eqs. (13) and (14):
on one hand. More importantly, inspired Kulish and Zeitlin's approach [16] , we shall discuss the scattering transform for the supersymmetric KdV eqs. (4) and (5) on the other hand.
Derivation
For the super KdV eqs. (11) and (12) 
Proof. We substitute eqs. (14) and (15) into eq. (13), then a direct computation gives eqs. (11) and (12) . The proof is finished.
Direct scattering analysis
It is easy to see that the super KdV eqs. (11) and (12) can be derived from the compatibility condition of the linear spectral problem and its time evolution equation: 
which is equivalent to the matrix Lax operator (15) .
For the completeness, we first recall the analysis of the linear problem 0 Lϕ = . Take a similarity transformation [16] :
we get the operator:
Further taking the matrix:
we then reduce L′ to a diagonal form
In this case, the corresponding linear problem 0 Lϕ = gives
and can be rewritten as:
where
We take a pair of Jost solutions of the linear problem (23) 
Secondly, leting the transfer matrix be of the form:
then we can determine relation between elements of ( ) 
which degenerates into
in the case of the 1-dimensional Grassmann algebra. With the help of the factorization ( ) ( ) ( )
we construct the following matrix-valued function:
From eqs. (23), (25) 
In view of eqs. (34) and (36), we get
( , ) 
Inverse scattering analysis
To restore ( ) u x and ( ) k ξ , we have: x , y , z -displacements, [m] k , λ -spectral parameters, [-] π -circumference ratio, [-] 
